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PROGRAMMABLE MULTI-CHANNEL 
PIPETTOR WITH REPOSITIONABLE TIPS 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a division of US. patent application Ser. 
No. 12/115,005, ?led May 5, 2008. 

FIELD OF THE INVENTION 

The invention relates to hand-held, multi-channel elec 
tronic pipettors, and in particular, those having repositionable 
tip ?ttings or mounting shafts for disposable pipette tips. 

BACKGROUND OF THE INVENTION 

Hand-held, multi-channel pipettors are designed to enable 
laboratory Workers to transfer multiple samples or reagents 
from one series of containers to another series of containers, 
such as from one roW of Wells in a microtiter plate to another 
roW of Wells in another microtiter plate. While some multi 
channel pipettors rely on manually poWered piston movement 
for aspirating and dispensing, many use electronically con 
trolled stepper motors to control piston movement for aspi 
rating and dispensing. It is quite common in laboratories to 
have microtiter plates or Well plates With 24, 96, 384, or 1536 
Wells in an array of roWs and columns. Typically, but not 
alWays, the center line spacing betWeen Wells is 9 mm or some 
fraction or multiple thereof. Center-to-center spacing 
betWeen pipette tip mounting shafts is therefore often ?xed in 
multi-channel pipettors, for example, 9 mm or 4.5 mm spac 
ing. 
On the other hand, some multi-channel electronic pipettors 

alloW the user to manually adjust the center-to-center spacing 
betWeen the tip ?ttings. This feature alloWs lab Workers to 
transfer multiple samples of liquids from a series of contain 
ers having one center line spacing to another series of con 
tainers having different center line spacing. In other Words, 
some hand-held pipettors on the market alloW the user to 
reposition the pipette tips so that a sample or reagent can be 
aspirated into multiple pipette tips from a series of Wells, tube 
or other containers having a ?rst center-to-center spacing 
(e. g. 4.5 mm) and then dispensed into another series of Wells, 
tubes or other containers having a different spacing (eg 9 
mm). For example, US. Pat. No. 6,235,244 discloses a multi 
channel pipettor Where the center line spacing betWeen the tip 
?ttings is controlled manually by a scissors mechanism actu 
ated by pulling a rod on the exterior of the pipettor. The 
mounting shafts or ?ttings for the pipette tips are attached to 
the scissors mechanism Which expands or contracts as needed 
to reposition the pipette tips. The individual ?ttings slide 
along a path de?ned by a slotted track in the housing for the 
loWer multi-channel assembly. In this design, the complexity 
of the scissors mechanism, as Well as its off-center drive 
point, can produce inaccuracies in the center-to-center spac 
ing for the individual tip ?ttings. These units also require tWo 
hand operation; one hand for holding the unit and the other to 
operate the change-in-spacing mechanism. 

In contrast to hand-held pipettors, automated, stationary 
pipetting systems have in the past used roller drums With cam 
tracks to adjust the center-to-center spacing betWeen pipette 
tip mounting shafts, again in order to facilitate aspiration 
from a ?rst series of containers or Wells and dispensing into a 
second series having a different center line spacing. Such a 
system is disclosed in US. Pat. No. 4,830,832. Of course, 
design constraints for stationary lab equipment as to siZe and 
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2 
scale are not critical, as compared to hand-held pipettors. 
With hand-held pipettors, it is important that the design be 
compact, and that Weight be kept to a minimum. It is also 
particularly important that the Width of the loWer multi-chan 
nel assembly from front to back be kept slender in order to 
alloW the user to easily vieW the mounted pipette tips. Further, 
it is important to keep the overall height of the pipettor at a 
minimum in order to optimiZe ergonomics and control. In 
addition, it is important that hand-held, electronic pipettors, 
not only provide accurate pipetting functions as Well as accu 
rate tip spacing, but also provide a smooth operating mecha 
nism that draWs minimal poWer, alloW one handed operation 
and employ an intuitive control system. 

SUMMARY OF THE INVENTION 

As mentioned, the invention pertains to improvements in 
hand-held, multi-channel electronic pipettors having reposi 
tionable tip ?tting assemblies. In the preferred embodiment, 
the pipettor includes a handle assembly that is adapted to be 
held in the palm of a user’s hand, and a loWer multi-channel 
assembly having a cylinder block With multiple aspiration 
cylinders, a multi-piston assembly, and a plurality of reposi 
tionable tip ?tting assemblies. Each repositionable tip ?tting 
assembly has a doWnWardly extending pipette tip mounting 
shaft. In one aspect, the invention relates to the use of a motor 
dedicated to controlling the movement and repositioning of 
the tip ?tting assemblies to adjust the center to center spacing 
betWeen the pipette tip mounting shafts. The motor is prefer 
ably controlled by user programmed and operated softWare, 
loaded into the pipettor, that is a modi?ed version of softWare 
normally in place to operate a stepper motor to drive the 
pistons to aspirate and dispense, but modi?ed to further con 
trol the additional motor to reposition the center to center 
spacing of the pipette tips. The softWare preferably alloWs the 
user to set tWo or three position settings Which can be easily 
navigated on a repeatable basis in a reliable and convenient 
manner by hitting buttons on the pipettor user interface. In the 
preferred embodiment, the stepper motor for controlling the 
movement of the pistons in order to aspirate and dispense is 
located in the upper handle assembly, as is knoWn in the art. 
The second motor for moving the piston mounting shafts to 
adjust the center to center spacing is preferably located in the 
loWer multi-channel assembly 
The preferred loWer multi-channel assembly has a chassis 

to Which the motor is mounted, and includes vertically 
stacked gears to transmit poWer vertically doWnWard from the 
motor output shaft to a roller drum. The vertically stacked 
gears as Well as locating the motor above the roller drum 
alloW the loWer multi-channel assembly to maintain a slender 
pro?le. The roller drum is preferably made of a lubricious 
material and is machined With cam tracks in its outer surface. 
The bodies of the repositionable tip ?tting assemblies are 
slidably mounted on at least one but preferably tWo guide rods 
residing beloW and parallel to the roller drum. The reposition 
able tip ?tting assemblies include a port to receive ?exible 
tubing from the cylinder block, a doWnWardly extending 
pipette tip mounting shaft, and an upWardly extending cam 
folloWing pin. When the pipettor is assembled, the cam fol 
loWing pin resides in an associated cam track on the roller 
drum. The pitch of each cam track is selected so that the center 
to center distance betWeen adjacent pipette tip mounting 
shafts changes evenly as the roller drum is rotated. Preferably, 
the total path Wrap for each cam track is less than one full 
revolution of the roller drum. Operation of the motor in the 
loWer multi-channel assembly adjusts the center-to-center 
spacing betWeen the pipette tip mounting shafts by rotating 
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the vertically stacked gears Which in turn rotates the roller 
drum, and the cam tracks translate that rotational motion into 
linear motion of the repositionable tip ?tting assemblies from 
Which the pipette tip mounting shafts depend. The preferred 
motor is a miniature DC gear motor, Which uses cluster gears 
in order to reduce rotational output speed through the verti 
cally stacked gears and roller drum. In one embodiment, a 
re?ective photo detector is used to count revolutions of a ?ag 
rotating in sync With one of the cluster gears in order to 
provide feedback as to the positioning of the roller drum and 
hence the repositionable tip ?tting assemblies. Alternatively, 
and perhaps preferably, the photo detector may be used to 
count passing gear teeth directly. 

While the use of a roller drum With cam tracks is the 
preferred means for moving the repositionable tip ?tting 
assemblies, many aspects of this invention can be imple 
mented Without the use of a roller drum. For example, the 
repositionable tip ?tting assemblies can be moved using a 
mechanical scissors mechanism as is knoWn in the art, other 
types of mechanical cam mechanism such as a cam plate, 
mechanical screWs, or even by the use of repelling magnets. 

Another aspect of the invention relates to the management 
of ?exible tubing betWeen stationary output ports for the 
aspiration cylinders and the input ports to the repositionable 
tip ?tting assemblies. It has been found desirable to use rigid 
tubing from output ports of a cylinder block to ?x a location 
Where it is then desirable to attach the ?exible tubing that 
leads to the respective repositionable tip ?tting assembly. In 
order to provide a slender design for the loWer assembly, it is 
desirable that the outlet of the rigid tubing be set back from 
the front surface of the cylinderblock, or more to the point, set 
back from of the front surface of the drum. Also, the amount 
of ?exible tubing can be reduced, thereby simplifying tube 
management and reducing space requirement, if the outlet for 
the rigid tubes for the outermost channels is located at or near 
the center of the range of motion for the outermost reposi 
tionable tip ?tting assemblies. It has therefore been found 
desirable to run the rigid tubes for the outermost reposition 
able ?ttings rearWard as the rigid tubes exit the cylinder block 
and then bend the tubes outWard beyond the periphery of the 
cylinder block. In addition, it is desired that the port on the 
repositionable tip ?tting assemblies point upWard angularly, 
preferably at about 400 or tangent to the roller drum in order 
to reduce the amount of space in front of the cylinder block 
required for the ?exible tubing. 

In another aspect of the invention, the multi-channel pipet 
tor provides an improved ejection mechanism that includes 
several features to facilitate effective and ergonomic tip ej ec 
tion. The preferred ejector mechanism includes an ejector 
push bar having an accelerator portion and a decelerator 
portion as Well as a rocker arm, in manner similar, although 
modi?ed, to that disclosed in copending patent application 
entitled “Pipette Tip Ejection Mechanism”, application Ser. 
No. 1 1/ 856,193, by Gregory Mathus and Richard Cote, ?led 
Sep. 17, 2007, Which is assigned to the assignee of the present 
application and also incorporated herein by reference. During 
the beginning of the stroke of the ejector button, the decel 
erator portion of the ejector push bar engages the rocker arm 
Which in turn engages an ejection mechanism in the loWer 
multi-cylinder assembly. The leverage of the rocker arm pro 
vides mechanical advantage to enhance the ejection force 
during the beginning of the stroke of the ejector button. 
ToWards the bottom of the stroke of the ejector button, the 
accelerator portion of the push bar engages the ejection 
mechanism in the loWer multi-channel assembly, thereby pro 
viding su?icient stroke to ensure ejection of all of the pipette 
tips. The ejection mechanism for the loWer assembly 
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4 
includes, among other features, a loWer stripper bar With a 
continuously varied stripping height, preferably a sinusoidal 
varying stripping height With a maximum height at the center 
and at the outermost position for the pipette tips. In this 
manner, the multiple pipette tips are ejected in pairs and each 
pair is ejected at a slightly different moment from the other 
pairs, thereby reducing the maximum ejection force required. 

Other features and advantages of the pipettor should be 
apparent to those skilled in the art upon revieWing the folloW 
ing draWings and description thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a hand-held, electronic 
multi-channel pipettor having repositionable pipette tips and 
constructed in accordance With a preferred embodiment of 
the invention. 

FIG. 2 is a vieW of the pipettor shoWn in FIG. 1 With the 
upper and loWer housing removed (shoWn in phantom) in 
order to illustrate various internal components of the pipettor. 

FIG. 3 is a front plan vieW of loWer sections of the pipettor 
shoWn in FIGS. 1 and 2. 

FIG. 4 is a vieW similar to FIG. 3 schematically illustrating 
the ejection of multiple pipette tips from the pipettor. 

FIG. 5A is a side elevational vieW of the pipettor illustrated 
in FIGS. 1-4 With loWer portions of the housing broken aWay 
in order to illustrate internal components of the pipettor. 

FIG. 5B is a vieW similar to the vieW shoWn in FIG. 5A but 
also schematically illustrating the ejection of pipette tips from 
the pipettor. 

FIG. 6 is a perspective vieW of the loWer portion of the 
pipettor illustrated in FIGS. 1-5 With a front part of the loWer 
housing removed in order to shoW internal components. 

FIG. 7 is an assembly draWing of many of the internal 
components of the loWer portion of a pipettor shoWn in FIG. 
6. 

FIGS. 8A-8C are front elevational vieWs of the loWer por 
tion of the pipettor shoWn in FIGS. 1-7 Which schematically 
illustrate the pipette tip ?tting assemblies being fully open, 
FIG. 8A, in an intermediate position, FIG. 8B, and in a closed 
position, FIG. 8C. 

FIG. 9 is a detailed vieW of a motor and gears for moving 
the pipette tip ?tting assemblies to adjust the center line 
spacing betWeen the mounting shafts betWeen aspiration and 
dispense cycles. 

FIG. 10 is a vieW taken along line 10-10 in FIG. 9. 
FIG. 11 is a vieW taken along line 11-11 in FIG. 9. 
FIG. 12 is a cross-sectional vieW taken along line 12-12 in 

FIG. 8A. 
FIG. 13 is a loWer perspective vieW of an aspiration cylin 

der block used in the loWer portion of the pipettor shoWn in 
FIGS. 1-12. 

FIG. 14 is a cross-sectional vieW taken along the plane 
through Which the outlet ports from the aspiration cylinders 
exit the cylinder block shoWn in FIG. 13. 

FIGS. 15A-15F illustrate user interface screens that are 
displayed on the pipettor shoWn in FIGS. 1-14 in order to 
program and execute the repositioning of pipette tips. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT OF THE INVENTION 

FIG. 1 illustrates a hand-held, electronic multi-channel 
pipettor 10 having repositionable pipette tips 12, and con 
structed in accordance With the preferred embodiment of the 
invention. The pipettor shoWn in FIG. 1, as Well as the other 
Figures, illustrates an 8-channel pipettor, hoWever, the inven 
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tion is not limited to pipettors having eight channels. For 
example, pipettors having twelve channels, or some other 
number of channels, are common and are contemplated as 
being Within the scope of the invention. 

The multi-channel pipettor 10 includes an upper handle 
assembly 14 and a loWer multi-channel assembly 16. The 
pipette tips 12 are mounted to pipette tip ?ttings or mounting 
shafts 18, hidden in FIG. 1 but shoWn clearly in FIG. 6 as Well 
as in other ?gures. The pipette tips 12, When mounted, gen 
erally lie in a vertical plane When the pipettor 10 is held 
vertically, but are repositionable Within the vertical plane in 
order to change the center-to -center spacing betWeen the tips 
12. The upper handle assembly 14 includes a housing 19 that 
is designed to be held in the palm of the user’s hand. Internal 
components contained Within the upper handle assembly 14, 
as discussed beloW, include an electronically controlled step 
per motor 20 (see, FIG. 2) that drives an output shaft up and 
doWn in order to aspirate and dispense. The loWer multi 
channel assembly 16 includes a main piston drive shaft 22 
(see, FIG. 7) Which is connected to and driven by the output 
shaft for the stepper motor 20. The main piston drive shaft 22 
consequently drives a piston drive plate 26 and a plurality of 
pistons 24 (see, FIG. 7) extending doWnWard from the piston 
drive plate 26 in order to aspirate and dispense through the 
multiple, repositionable pipette tips 12. 

In the preferred embodiment, the multi-channel pipettor 1 0 
includes many features discussed in copending patent appli 
cations that are assigned to the assignee of the present appli 
cation and incorporated herein by reference. With respect to 
the internal components of the upper handle assembly 14, its 
operation in the preferred embodiment is described generally 
in copending patent application entitled “Electronic Pipettor 
Assembly”, application Ser. No. 1 1/856,231, by Gary E. Nel 
son, George P. Kalmakis, R. Laurence Keene, Joel Novak, 
Kenneth Steiner, Jonathan Finger, Gregory Mathus and Rich 
ard Cote, ?led on Sep. 17, 2007, assigned to the assignee of 
the present application and incorporated herein by reference, 
and copending application entitled “Pipettor Software Inter 
face”, application Ser. No. 1 1/ 856,232, by George Kalmakis, 
Gary Nelson, Gregory Mathus, Terrence Kelly, Joel Novak, 
Kenneth Steiner, and Jonathan Finger, ?led Sep. 17, 2007, 
assigned to the assignee of the present application and incor 
porated herein by reference. The preferred con?gurations for 
the pipette tips and the pipette tip mounting shafts are dis 
closed in copending patent applications entitled “Locking 
Pipette Tip and Mounting Shaft”, application Ser. No. 1 1/ 552, 
384, by Gregory Mathus, Terrence Kelly and Richard Cote, 
?led on Oct. 24, 2006, assigned to the assignee of the present 
application and incorporated herein by reference, and con 
tinuation-in-part application Ser. No. 1 1/ 934,381 entitled 
“Locking Pipette Tip and Mounting Shaft”, by Gregory 
Mathus, Terrence Kelly and Richard Cote, ?led on Nov. 2, 
2007, Which is also assigned to the assignee of the present 
application and incorporated herein by reference. Many 
aspects of the preferred ejection mechanism for the multi 
channel pipettor 10 are disclosed in copending patent appli 
cation entitled “Pipette Tip Ejection Mechanism”, applica 
tion Ser. No. 11/856,193, by Gregory Mathus and Richard 
Cote, ?led Sep. 17, 2007, Which is assigned to the assignee of 
the present application and also incorporated herein by refer 
ence. Differences in the ejection mechanism for the preferred 
embodiment herein are noW discussed. 

Referring noW to FIG. 2, the housings for the upper handle 
assembly 14 and the loWer multi-channel assembly 16 have 
been removed to display certain internal components of the 
pipettor 10. As mentioned, the upper handle assembly has an 
electronically controlled stepper motor 20 for driving an out 
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6 
put shaft that moves up and doWn to control the movement of 
the pistons 24 in the loWer multi-channel assembly 16. The 
pipettor 10 also includes a second motor 28, preferably a 
miniature DC gear motor, Which drives a tracked roller drum 
30 to slide repositionable tip ?tting assemblies 32 in order to 
adjust the center line spacing betWeen the tip ?ttings 18. FIG. 
2 also shoWs certain components of the ejection mechanism, 
including an ejector button 34, an ejector push bar 36, and a 
rocker arm 38 located generally in the upper handle assembly 
14, as Well as a forked ejection collar 52 in the loWer multi 
channel assembly 16 Which is connected to a loWer stripper 
assembly 42 that ejects the pipette tips 12 from the tip ?tting 
mounting shafts 18, as described in FIGS. 3, 4 and 5A-5B. 

Referring noW to FIGS. 3, 4 and 5A-5B, as mentioned, the 
preferred ejection mechanism uses an ejector push bar 3 6 and 
a rocker arm 38 having a con?guration similar to the preferred 
con?guration disclosed in copending and incorporated US. 
patent application Ser. No. 1 1/ 856,193, entitled “Pipette Tip 
Ejection Mechanism.” Although the preferred con?guration 
is slightly modi?ed, as Will be discussed beloW, the ejector 
push bar 36 includes a decelerator portion 44 and an accel 
erator portion 46, see FIGS. 5A-5B. The rocker arm 38 is 
pivotally mounted to the internal frame in the upper handle 
assembly 14, and has a doWnWard facing surface that engages 
a collar 48 in the loWer multi-channel assembly 16. When the 
user presses the ejector button 34 in the direction of arroW 50, 
FIG. 5B, the ejector push bar 3 6 moves doWnWard, and during 
the beginning of the doWnWard stroke, the decelerator portion 
44 engages the rocker arm 38 Which in turn engages the collar 
48 to provide doWnWard movement to the ejection mecha 
nism in the loWer multi-channel assembly 16. Preferably, the 
collar 48 in the loWer assembly 16 is part of an integral forked 
ejection collar member 52. The forked ejection collar has 
doWnWardly extending tabs 40 Which are connected on either 
side of the loWer multi-channel assembly 16 to the loWer 
stripper assembly. The collar 48 includes tWo upWardly 
extending pedestals 54 Which as shoWn in FIGS. 5A and 5B 
are the locations Where the rocker arm 38 engages the collar 
48. At some point, the accelerator portion 46 on the ejector 
push bar 36 directly engages a seat 56, FIG. 2 on the forked 
ejection collar 52. The seat 56 is located at a height beloW the 
height of the pedestal 54, Which helps to reduce the overall 
height of the pipettor 10. A spring 60 biases the forked ejec 
tion collar 52, as Well as the entire ejection mechanism 
upWard. As described in the above incorporated copending 
patent application Ser. No. 1 1/ 856,193, the transmitted ejec 
tion force to the loWer multi-channel assembly 16 is increased 
above the amount of force applied to the ejector button 34 via 
mechanical advantage due to the leverage of the rocker arm 
38 over the ?rst portion of the stroke of the ejector button 34. 
Over the loWer portion of the stroke of the ejector button 34, 
the accelerator portion 46 directly engages the seat 56 in the 
forked ejection collar assembly 52 and the transmitted ejec 
tion force is not increased via mechanical advantage, but the 
stroke for the ejection assembly in the loWer multi-channel 
assembly 16 is not further reduced, thereby ensuring reliable 
tip ejection. 

The loWer stripper assembly 42 is preferably an integrally 
molded plastic component having a base 62 having a longi 
tudinal slot 66, FIG. 1, through Which the pipette tip mounting 
shafts 18 extend. The base 62 also includes a stripper bar 64 
that surrounds the longitudinal slot 66, FIG. 1. The slot is 
preferably slightly longer than 99 mm, in order to accommo 
date a preferred maximum span of 99 mm betWeen pipette 
tips. The stripper bar 64 is preferably machined from, for 
example, aluminum and attached to the base 62. The loWer 
surface of the stripper bar 64 is preferably sinusoidal in shape 
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With a peak being located along the center of the longitudinal 
slot 66 and other peaks being located at the ends of the 
longitudinal slot 66. The preferred difference in height 
betWeen the peaks and valleys of the sinusoidal ejection sur 
face is 2 mm. The sinusoidal ejection surface distributes the 
required ejection forces in time as the pipette tips 12 are being 
ejected, as illustrated in FIG. 4. FIG. 4 shoWs the pipette tips 
12 fully spread, but it should be appreciated that the sinusoi 
dal stripper bar 64 Will distribute the required ejection forces 
in time among the tips 12 even if the tip mounting shafts 18 
are fully tightened or are in an intermediate position. 
Above the base 62, the loWer stripper assembly 42 includes 

a loWer sleeve portion 68 and upper extension panels 70. The 
loWer sleeve portion 68 and extension panels 70 are contained 
Within the housing for the loWer assembly 16, Whereas the 
base 62 is exposed externally. Although not clearly shoWn in 
the Figures, the doWnWardly extending tabs 40 on the forked 
ejection collar 52 preferably include a snap ?tting Which 
engages a corresponding snap ?tting on one of the extension 
panels 70. In this manner, the forked ejection collar assembly 
52 and the loWer stripper assembly 42 (Which includes inte 
grally molded extension panels 70, loWer sleeve portion 68, 
and base 62, as Well as the machined stripper bar 64) move up 
and doWn as a unitary member. 
On each side of the pipettor 10, the extension panel 70 

contains a vertical guide slot. Preferably, the slot 72 has an 
upper Widened groove portion 74 and a loWer Widened groove 
portion 76. These Widened groove portions 74, 76 are 
designed to receive tabs 78, 80, respectively, extending from 
the inner sideWall the housing 16. This occurs onboth sides of 
the pipettor 10. The tabs 78, 80 are also received in detents 77, 
79 (See, FIG. 6) Within the cylinder block 82 to secure the 
cylinder block 82 to the pipettor 10. FIG. 3 shoWs the pipettor 
10 in its normal operating position, and shoWs upper tab 78 
engaging the loWer Wall of the Widened groove portion 74, 
and loWer tab 76 engaging the loWer Wall of Widened groove 
portion 80. FIG. 4, on the other hand, illustrates the ejection 
mechanism in the fully doWn position at the end of the ej ec 
tion stroke. The upper tab 78 does not preferably engage the 
upper Wall of the Widened groove 74, nor does the loWer tab 
80 engage the upper Wall of Widened groove 76. The distance 
betWeen the upper and loWer Walls in Widened grooves 74, 76 
should be equal to or greater than to the full stroke length in 
the loWer assembly 16. Note that the stroke of the ejector 
button 34 actuated by the user, as indicated by arroW 50, is 
longer than the stroke of the ejection mechanism for the loWer 
assembly 16, as indicated by arroW 50A. 

Referring noW to FIGS. 6 and 7, the main piston drive shaft 
22 in the loWer assembly 16 is attached at its loWer end to a 
piston drive plate 83, preferably using a screW. A plurality of 
pistons 24 are attached to the drive plate 83, for example using 
snap rings 84. A spring support 86 extends upWard from the 
aspiration cylinder block 82 . Although not shoWn in the draW 
ings, a spring is placed around the main piston drive shaft 22 
betWeen the spring support 86 and the underside of the collar 
portion of the forked ejection collar 52. Legs for the spring 
support 86 pass through the openings in the piston drive plate 
83. The main piston drive shaft 22 passes through an opening 
in the upper plate for the spring support 86. The upper end of 
the main piston drive shaft 22 is connected to the output shaft 
driven by the stepper motor 20 in the upper handle assembly 
14. The main piston drive shaft 22 may be preferably con 
nected to the output shaft from the upper handle assembly 14 
using any suitable method although it is preferred that the 
internal components of the loWer assembly 16 be removable. 
FIG. 7 shoWs a socket 88 in the main piston drive shaft 22. 
Preferably, a ball is present at the distal end of the output shaft 
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8 
driven by the stepper motor 20 in the upper assembly 14, 
although this is not shoWn in the draWings. The ball is pref 
erably received from the side of the socket 88 and a plunger is 
preferably used to secure the ball Within the socket 88. 
The cylinder block/piston assembly also preferably 

includes a seal hold doWn plate 90 Which has a plurality of 
openings for the pistons 24.A seal 152 and T-sleeve 150 (FIG. 
12) are located betWeen the seal hold doWn plate 90 and the 
top surface of the aspiration cylinder 82 for each piston 24. 
The seal hold doWn plate 90 is attached to the upper surface of 
the cylinder block 82 With the respective seals and Washers 
sandWiched therebetWeen. The cylinder block 82 is prefer 
ably machined from aluminum or acetal, although other 
material may be suitable. The pistons 24 and the main piston 
drive shaft 22 as Well as the plates 84 and 90 are preferably 
made of stainless steel as is knoWn in the art, and the seals are 
preferably made of an elastomeric material, as also knoWn in 
the art, although other materials may be used as Well. The 
embodiment shoWn in the Figures illustrates a stationary seal 
152 arrangement, although for larger volumes, it may be 
desirable to use a sliding seal arrangement in Which a cup seal 
is attached to the piston. In addition, other suitable sealing 
arrangements may be used in accordance With the invention, 
if desired. 
A metal chassis 92, preferably made from sheet metal, is 

attached to the rear housing 94 for the loWer assembly 16. In 
particular, the chassis 92 includes a pair of threaded inserts 96 
for screWing the chassis 92 to the rear housing 94. The cyl 
inder block 82 is ?xed relative to the housing for the loWer 
assembly 16, by housing tabs 78 and 80 interfacing With 
recesses 77 and 70. The rear housing 94 and the front housing 
for the loWer assembly 16 are connected together using 
screWs that pass through grommets 99 in the housing mem 
bers. As Will be described beloW in connection With FIGS. 13 
and 14, the loWer portion of the cylinder block 82 includes an 
integral manifold of ports for each of the multiple aspiration 
cylinders Within the cylinder block 82. While it is preferred 
that the manifold be integral With the cylinder block 82, this is 
not necessary to carry out the invention. A plurality of ?exible 
tubes 98 connect the ports from the aspiration cylinders to 
ports 100 on the repositionable tip ?tting assemblies 32. The 
tubes 98 are preferably made of silicone or PVC (ID of 1/16"), 
and have varying lengths appropriate to accommodate the 
range of motion of the respective repositionable tip ?tting 
assembly 32, as Will be discussed beloW. It is important that 
the seal betWeen the ends of the tubes 98 and the ports from 
the cylinder block 82, as Well as the ports 100 on the reposi 
tionable ?ttings 32, be secure and air-tight. 
A guide rod assembly 102 for the plurality of reposition 

able tip ?tting assemblies 32 is attached to the chassis 92. The 
guide rod assembly 102 preferably has tWo parallel rods 104, 
106 made of stainless steel. The parallel guide rods 104, 106 
are attached at both ends using a rigid coupler or spacer 108, 
110. The rigid spacers 108, 110 maintain the guide rods 104, 
106 precisely spaced during assembly and operation of the 
pipettor 10. During assembly, the repositionable tip ?tting 
assemblies 32 are slidably mounted on the tWo parallel rods 
1 04, 1 06, and then With the rigid spacers 108, 1 10 in place, the 
guide rod assembly 102 is fastened to the loWer portion of the 
chassis 92 using screWs 112, as shoWn in FIG. 7. With this 
con?guration, the repositionable ?ttings 32 are able to move 
along the rods 104, 106 such that the loWer port 114 for each 
respective tip mounting shaft 18 has a range of motion trav 
eling along a line parallel to the rods 104 and 106. In this 
manner, each of the tip mounting shafts 18 as Well as pipette 
tips 12 mounted to the shafts 18 remain aligned Within a 
common plane of travel, and also the loWer openings in the 










